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nneumococcus L-- . (Aver? ant’. C. 1;. KscLe36.) Rarely in the case 

of a pe.thogenic nicrotirganisn is it possible to correlate meny 

of its biologically specific an<. pathogenic characters with 

the activity of a sin&le enzymatic function of the cell itself. 

This correlation, however, is 2articularl:y striking in the case 

of Pneunococcus. In this instance the bacterial cell possesses 

a potential sys tern of 6ynthesizinE enzynes, the, functional 

activity of which results in the elaboration of a specific 

substance whick is structurally ii sposei! about the periphery 

of tile cell in the form of a capsule. The presence of the 

capsule confers a new an? hi i;:?ly i.iff erential type-specificity 

upon the nicr~Erganisn, an< COi??sitiOSIS its capacity to grom 

an& multiply in the tissues of the infecteCl host. This 

synthesizing function is most highly CevelopeG, and the product 

of its activity most pronounce? in cells best adapted to growt’h 

in the aninel body. On the other hanem, cells in which this 

system of synthesizing enzymes has been spontaneously or 

experimentzlly inactivated b, I v ex’3osure to an unfavorable 

environment are not only c’,opriveC of their’capsules ant’. t:rpc- 

specificit;r, but slso’ lose their invasive properties and 

become relati.v,?ly nQn-virulent f:lr animals highly susceptible 

to infection with tile ori,$nnl encapslilatei! strain. 

In;?ortant an6. essential ES is the aCtipitV of 

ca-osular fur.ctian to t:le ..?arasltic career of the microBrganism . 
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in the living host, it is, howcvcr, not vital to tke life of 

the cell growing outsiZe the animal boCv. For capsule-free 

cells are still capable in artificial acdia of carrying on the 

vcgctativc proc3sscs of notabolism ani. multiplication after tho 

capsule synthesizing function has baon inhibited or supprosscd. 

This retrogrcssivo change from more conpl,,x to simpler co11 

structure, with tha resultant loss of t;;nJ-specificity and 

virultincc, is intimatoly associated with, if not wholly 

Ccpsndont upon, tho inactivation of the system of anzynos 

concorncd in the synthesis of t11.3 c.211 ca?sulo. The function 

of capsular synthesis may thoroforo b3 rcearr'.od as an adaptive 

mochanisn or c'.t?fonsc reaction nh,!rcby th3 co11 socks to protact 

itself against the rdsistin& forces of t;lo invaded host, 

Thus, pnoumococci may exist as OIlCapSUletOL or non- 

cncapsulatcd cells nhich, in tarns of bacterial Dissociation, 

nra roforred to rosp.3ctively as th.2 S anl;; 2 forms. Tho cells 

of these tno forms diff‘or from each other in morphological 

structure, colony topography and biological behavior, and those 

difforoncos are in each instance roforablo to a gain or loss in 

activity of the capsule-producing enzymes of the cell. 

Undor suitablo cultural conditions, the change from 

one form of co11 to the other is reversible (S3R). A typa- 

specific strain of pneumococcus, after serial transfers in a 

medium containing immune serum of the honOl~gous typo, is 

converted into the R form in nhich capsular dovolopmont is 

suppressed. Similarl:r, the non-eccnpsulatod, dograr‘ed R cells 

nay ) by cultivation in anti-R sorun, bc caused to regain all 

the distinguishing and. ty.:>z-s?ocific i)ropcrtios nhich 



characterized their parasitic nnteco?-cnts. Under thes c condi- 

tions, the revorsion is invariably back to tho homologous typo, 

r;nd is associntad j:Iith the acquisition cf virulence and the 

re-synthesis of 2, ca,:)sular polysacc’h.ari~~s ic’.entical in chcnicsl 

constitution and. typ,>-s;?ocif ici t: nith that olaboratcd by tho 

pnrcnt strain. Onto tIlis change in functional activity has 

occurrod, irr2snoctivo of :r:lcthsr t;l.: vnriztion induced is 

progrcssivc or rctrogronsivc in no.tur.2, th:? tolls thus nltercd 

breed trua on subsoqucnt cultivation until tlley nrc again 

subjected to 2nvironn2ntnl conditi.3ns ~.:hich cause rover-se.1 of 

function and f 3r:n. Fr>n this point of vi.z*7, tks processes of 

Cissociation may be rognrdod zs r? ros73onso 9f the cells to 

<nvironnontal influoncds ahich fovor sithor tha activation or 

inhibition of the cn?sulo-producing onzymcs. 

Hero significant, perhaps, than this direct form of 

rovsrsible Cissociati,>n (SeR) is the phonononon of trnnsform- 

ation of specific typ2s of Pnoumococcus. Griffith first showed, 

by a special technique in mica, that oncapsulatcd cells of one 

specific type may be transformed into other specific types 

through the intermediate stage of the Ii forms. Danson sub- 

sequently found that the transformation of specific types can 

be brougtlt about in’vitro nithout ths use of animal inoculation. ----- 

Later, Allonay succeeded in causing transformation by groning . 
R cells in a medium containing small amounts of a filtered 

extract of S cells of a heterologous type. Under these condi- 

tions the R cells, irrespective oi^ t:rTe Derivation, acquired 

all t!le tg?e-specific characteristics of S cells from l;hich the 

extract v:as prepared. Thus , it has been exl>erinentally 



u?dc) 

R 13 

t;.cmonstrated that it is possible not only to reactivate the 

capsule-synthesizing enzymes of an R Cell, but actually to so 

orient an3 direct the synthesis that R cells, under the 

irlflucnce of a specific stimulus, arc caused to elaborate a 

I, -s;lsular polysacc:larido having t::o sams ohcmical constitution 

.,l-,d serological sgccificity as t:int of t:le t;Tpc of S cells from 

.-!!lici= tho activating stimulus Was dcrivod. 

Tho :Jork begun by T;r. ,411o:/a:7 an:;1 continued last year by 

3r. Rogers is bein< actively carried on at Frescnt in collabora- 

tion vitl= Dr. MacLeod in an attempt to ascertain the naturo and 

!)ropertios of tile transforming Trinciplc prosont in active 

~.!xtracts of s cells. Extracts thus derived can be frcod of 

intact cells and cellular detritus by filtration through a 

lizrkcfeld candle, :7it!lout loss of activity. The active 

&jrinci?lc pnssas the filter, ho:Tever, only when the extract is 

;Ldjusted to an alkaline reaction (PH S*) before filtration. 

From crude extracts a large amount of irrelsvant protein and 

other inert material can bc removed by adsorption 171th charcoal 

1;without appreciable diminution in the potency of the absorbed 

cxtract. The active principle in these partially purified and 

llntor-clear extracts i-oos not pass through parchment or cello- 

ghanc membranes on prolonsod dialysis against running water. 

The transforming principle in active extracts Tith- 

c tnnfis heating at 600-SO0 C. for 2 hours, but is completely 

<-cs troycd on shorter o:;?osure to hig?.l-ar temperatures. The 

l3otency of an extract is lost ~:~hdn the reaction of the solution 

is adjusted to an acidity equivnlont to or greater than pH 4. 

(in the other hanc?., t3.e transforming princi;>le is stable in 



4 
extracts at pH 9 , and. at tkis alkalino reaction resists hoat- 

ing to 600 C. for 45 ninutcs. 

Observations of considcrablo significance have 

recently bDGn mado concorninc; the cffcct of certnin enzymes on 

tLc transforming activity of pot,znt cxtrzcts. T-i.zn S cells 

are allovrod tc unCorgo spontnn:>ous autolysis, the resulting 

aut01ysatc is no longor cnpnblo of causing transformation, 

indicating that t:lo active transforming principle is dostroyod 

by the nutolytic ferments 02 tile cell. All ,o.ctivc extracts 

contain varying amounts of the specif'ic capsular polysaccharide 

in solution. It was early discovered, ho\Tcvor, that the 

c1~omically purifiod spooific polysacchnrides arc by thcnselvos 

devoid of transforming activity. Moroovor, Eogcrs shonod, and 

;IacLood has since confirmed the fact, tkat active oxtrects of 

Typo III pnoumococci, which have been treated with the specific 

enzyme capable of doconposing the Type III polysaccharide,still 

possess transforming activity although the prosonco of tho 

specific carbo9ydrato is no longer dctoctable by the precipitin 

test, 

Similarly, all aCtiV0 extracts contain varying amounts 

of bnctorial protein. However, extracts which have boon digested 

by crystalline trypsin and subsequently dialyspd to remove the ’ 

hydrolyscd products of digestion are as fully, if not more, 

active than the original extracts before digestion and d-ialysis.' 

Unless it is subsequently shown t2:a.t the split products of 

cnzyne action account for the activity of digostcd extracts, it 

may be tentatively concluded that the transforming potency of 

cxtracts is due to the presence of somt? constituent not 



dostroycd by trypsin or by t4c specific carbohydraso. 

What ever my ultinatcly prove to bo the nature of the 

transforming principle, one of its nost striking characteristics 

is t1lc typo-specificity of its action on 3 cells. Tba nochanisn 

involved in the phenomenon of transf‘;rnation ancl the nature of 

tllc ac tivnting principle a 1-3 still une-ctcrnin,>d. However, tl:_o 

results incicctc t:lat all 9 c:lls, in yrhich retrogression has 

not advanced too far, possess a potential but inactive system of 

enzynes capable of synthesizing any of the type-specific poly- 

saccharides , the particular one produced being doternined by 

tl;e specificity of the activating; stinulus. Once the capsular 

function has been specifically activated, tl;e newly transformed 

cells continue to synthesize the sane capsular naterial and 

retain the sane type-SpeCifiCity through innunerable transfers 

on artificial nedia rri thout the further addition of the 

activating substance initially onployed to inc?uce the trans- 

formation. From these sane cells, after prolon,:ed cultivation, 

a transforning principle of the sane specific nature and 

activity can again be extracted in an anount greatly in excess 

of that originally added to initiate tLe change. 

The ‘study is being continued nith the hope that 

knonledge of this important cellular mechanism nay lead to a 

bettor understanding of the principles involved nith specific 

transformation ant!. induced variations of living cells, not 

only of Pneunococcus, but also those of other biological 

sys tens. Fur tbermore, ti?e thou$t su;;,;;ests 1 tself that :7ore -ire 

in possession of knonl>d;e pertainin,-; to tire nature of the 

substances 7::hic:i sr3rvc as activators and inhibitors of the 



capsule-producing enzynes, tLc knonlcdge Caine& ni<Lt afford a 

nc:7 approach to a specific attack ciircctec 1 torlard the suppression 

of tl;e capsular function upon tl:e activity of nhich the patho- 

cnici ty of Pncunococcus i-c:,enZs. 

T!is nrotectivs action of anti~2neunococcus serun in -L--L------P--------------*------------ ------ 

nice (GooC.nor and Eorsfall). fjr? A-- o-specific antipneunococcus 

horse ani’. rabbit sora !lavs tl:o capacity to protect nice against 

fatal infection \7itL pnounococci of t;le honoloi;ous typo, even 

:7:-j n cnorr.2ous nunbcrs of the latter are adninistsred nith the 

innun s2run. T3arc are, hovcvar , dofinite linitations in both 

t:!o amount of sorun and tLo anount of culture ~1:ic”l can be used 

in order to denonstrata protection. An zxaopla of those 

linitations is s:lo:rn in Toxt Fig. 1, rrhich includes results 

:;itb both rabbit and horse innuno scra of approxinatoly the sane 

agglutinative titers. In both instances th;>ro is a liniting or 

titer zone in which tLe anount of innuno s.3ruLi a?p”ars to be 

insufficient. In both instances, also, ono obs.Drvos tLc so- 

called Schnellonnort or upper linit of ---v--e----- culture beyond nhich it 

a:?pears to bo inpossible to protect nice irrcspoctivo of the 

amount of serum. The most striking; diffcronco betnoen the 

results ni th the tvro scra is that nhoroas the innuno rabbit 

sZrum protoctod nice even ahcn Given in large anounts, the 

administration of innunc horse scrun in sirtilar quantities 

resulted in a negative phase or prozone in :-rhic3 no protection 

r7as obtained. 

T:lo Sc!:..:ollcnr!ert The clue to the nature of the --,-,----------A 

Schasllonncrt was found in a series of sxpcrincnts i'lkicl~ lray 

bc sunaarizod as follons: 
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1. If, instoad of acministcring szrum and culture 

sinultancousl~;, rnfectlng organl~~~ fornor is ‘:ivzn 18 Yours in ad-Vance of the 

‘b , a very large proportion of the antibody is 

obviously no longer available in the peritoneum. In spite of 

t!‘iis loss , a c 0 n s i c? e r able degree of‘ protection is obtained if 

large amounts of serum are used, an? it is especially note- 

worthy that unC.er these conditions a number of mice can be 

?ro tee ted a:;tLins t relatively large amounts of culture. The 

results suggest that the cellular make-u13 of the peritoneal 

fluid might hnvc been altered by the Fresence of the foreign 

protein. 

2. If intrapzritoneal injections of sodium nucleinate 

are given 18 hours prior to the simultaneous administration of 

serum an:‘. culture, the protective action of antipneumococcus 

serum is markedly enhanced. The Schwellenwcrt undergoes a 

considerable shift in that the same amount of serum is now 

effective against larger amounts of culture. 

Since it is known that the previous administration of 

sodium nucleinate brings about a considerable cellular response, 

it was considered possible that for each ind-ividual animal there 

is a true Schwallennart related to the number and nature of the 

cells i.n the pcrito’noum at t?‘ls time of injsctfon of serum and 

cul turo , 

After a thorough exploration of the possible technical 

anproac’hes to the solution of this question, the following 

technique was adontcL,: Fifteen minutes aftar t3o injection of 

sorun and culture, a sample of paritonsal contents was taken 

with a small canillnry piF,ztto and a snr3ar made. From the 



Gram stain the number of pncumococci anC of cells, in many 

contiguous field-s, were counted ani, the ratio of pneunococci 

to white ~011s deterninz<. This ratio is obviously a function 

of the total number of white cells in the peritoneum, provi?.ing 

t!;nt tile same nunbors of 2noumococc.i arc injected in each 

instance. By means of this tcchniquc, an cxtcnsive study has 

been cai-ricd out, the results of --:Lick nay bo summarized as 

f ollovis : 

1. In nice of the same woi.ggi;t rccuiving the same 

amounts of imnunc serum, there arJ:!t?arS to be a limiting ratio 

of 2neunococci ?or white ~011, and if this ratio is excoodcd 

death is the inevitable result. In other words, mice with 

large numbers of white cells in the pGri.tonoum are much more 

able to utilize the benefits of the immune sorum than arc those 

with fern cells. These ratios serve as c basis for prediction 

of survival or Leath with an accuracy of about S5 per cent. 

2, The limiting ratio in mice of tho same weight is 

modified by the amount of immune sorum. For example, with one 

particular lot of s.ntipnoumococcus horse serum, the best 

protection against 0.1 cc. of culture is obtained with 0.05 cc, 

Here the limiting ratio is a?proximately 7.0. Vith 0.0125 cc, 

of serum the limiting ratio is 5.4.. Tith 0.2 cc.of serum the 

ratio is 4.-O. 

3. In a series of nice receiving the same nnounts- 

of serum, but differing in weight, the limiting ratio is a 

function of weight and bcconos smaller as the weight increases. 

4. 7Vith Dr. 3. Miller, it has been possible to show 

that the latter finiling is ex:-Jlainod by the fact that very 



small animals have a very high .;?roportion of nonocytes in the 

peritoneal fluid and vice versa. There are almost no poly- 

norphonuclear leukocytes in the normal mouse peritoneum. 

5. As an autgroT:+th of tile foregoing, and in the light 

of certain other exyerinental facts, it can be inferred. that 

both weight and peritoneal cell content can be in theory 

resolved into a single host factor, that is, the absolute nunbor 

of nonocytes in the peritoncu;n at the time of infective inocula- 

tion. These cells a?Tear to constitute the first line of defense 

T~J sunnari ze, tile S chnellenaert, or limitation of the 

number of Tneumococci which the passively immunized animal can 

dispose of, is a numerical function of the relation of the 

humber of microBrganisns to the number of monocytes in the 

peritoneum at the time of in jot tion. 
. 

The rrozone ---- -----A Referring to Text Fig. 1, it is of some 

interest that nhereas 0.05 CC. of antirneunococcus horse serum ---- 

protects against 0.1 cc, of culture, larger amounts are less 

effective. ‘?Iith 0.4 cc. no protection is obtained. This 

phenomenon is referred to as the yrozone, and has been the subject 

of an intensive investigation. The results may be summarized 

as fallows: 

1. The extent of the prozone in the protection test is 

quantitatively correlated nith the agslutinin titer, that is, 

innuna sera with high agglutinin titers show a more extensive 

prozone than do those :Ti th low titers. 

2. For each lot of enti~n~ounococcus horse serum, 

there aTpears to be a c’.cfini tc ar‘lount vr:iicll gives optimal 

protection in the ran<:e of ln.rg?r amounts of culture. This 



oytirzal mount is related invcrselyc to t'_la agglutinin titer. 

Tllus, one lot of s3rm :;ith an a-;;;lutinin titer of l-64 gives 

oPtir.ial protection 1711~311 0.2 CC. is used; a sccqnd lot :-lith 

a ;,-lutinin tit3r +f T-256 7itil 0.05 cc.; :I:lilo a third lot 

(concentrated) ;-lith a titer l-512 gives bzst Ijrotoction in 

0.025 CC. anc,unts. 

3* 7,ailurc of pr3t8:ction in the prozpnz rancc is 

associatcc vrith ,a narkod dccrcaoc in t?la value of the 

Schwcllenlrert. An cxanplo of t!lis has already baen cited. 

4. I"ailuro of protection in t:iC? proz>no rango is 

associated with an api>aront inhibition of >hagocytosis. The 

~ncumococci, if unchecked, quickly nulti?ly, hence the early 

reaction on the :>art of the boc!y is absolutely osscntial if 

;?rotection is t? be achieved. In the following table arc s:ioim 

results which bear on this subject: 

_-- _____--__m--- --.-_---- -M-w ---- --------I--------- 
?Vlri.tc cells sLo:ring Pnounocncci intra- 

1 

1 
3hagocytoois r'.aring cellular at and of I 

first hour first hour ---------------- --c------I-..--------- 
EQr cant 

4 
_13__1_--__-e-_----- --------- -- 

: 

Sas-snt--,----- 

No aorurn 6 I3 1 

Optimal protective 20 62 
amount of serm 
"Prozonell amount 6 2 

of serum ___-_____________--- --------w-e--------- .A ---------m-e 

It would appear that the excess of innuna horse sarm, by 

inhibiting phagocytosis, pamits the alr.lost unchecked gron'th 

of pneunococci. 

5. Cortain heterQlngous substances have been in'jocted 

nith 9,ptir;al ar.ioUllts 9f imun3 horse sorm. Tho addition of 
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On tho other hani!, Ty;)o II nnti?nounoc-ecus horse sarur.:, 

concentro,tod antinoningococcus s :rur.l, 1ilJnic rabbit sorum and 

o~“;G locithin tend t*: blr;ck ;>r-.t~ction. 

Since the only obvious c3:5:3n c 71:;?oncnt of t:icso 

unrolntcd inhibit,:ry subs tanccs is linoir:, tLl:so finding;s 

SlJ.~gC!Stc,b t::;?,t it night be ;>ossibl2 t? rcmovz the in!libitc)ry 

o113mcnt in innuna 3orsz serum by. cxtrnctine; the li?oi~.c fr<ln 

it. This 7rovod. not ts b,: t12c case, but this theory hns led 

t 0 nn intorsstin, norios -ii@ i‘in:‘.inf..s ~rI:~ic11 may bc sunnnri zod 

: i c f c 11. o Y! s : 

1. I I ri-117 nnti:>n,>umoc 3ccus hYrS\: sorum is oxtrnc ted 

uit11 nlcriI;r,l- -:t>.:r by n s;wcial toc;:niquc ;T:?ic:l does not 

involvc don:Ltur;Ltion of t1z.2 ;Jrstnin, tllc oxtrnctcr?. sorum fails 

to p..c,n;lutinat3 ;~n9ur.~ocr~cci :~nl’. GOios n7t ,yiv;\ a proci3itin 

r.:ac tion ;ri th tk3 s;?ociflc cu3sulr,r ;~olvsncchnrids. This rzosult 

is not obtnincd i:itli nnti:>nounococcus rabbit strum sinilcrly 

+?xtrscted. 

2. The extracted horse s?rum still possesses an 

unaltered capacity to protect nice against fatal infection, 

even th.ough the Tresence of antiboi!ies cannot be denonstrated 

by agglutination or Trecipitation methods. 

3. If extracted immune horse ierum is injected intra- 

~eritoneally into mice and t3o peritoneal, flui& nithbann after 

30 minutes, the recovered fluid possesses the caijacity to 

agglutinate ;onoumococci. This result suggests that the modified 

antibody combinas with a substance in the ;>critonoal fluid. A 

similar l’reactivntiontf can be brou;;::t about J.n vitro by the 

admixturs of the cxtrac t ed n,tru.m and leci tLin unc!or certain 

con&i tions . 
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4. Those results suggest tLat the antibody of immune 

horse strum may consist of a loose c,>mbination of lorotein and 

lipoii., t!:e ;orotcin carryin!; tl:c s-,ecific combining grouTs. It 

is bGlievorl that t2.o li?oii. element may be ros?onsiblo for the 

'3rozone. 1. ?zxt r;-Lcte;'. sore, still c:ivo t:lc: L)rozone, but t:lis may be 

accounted for by an in viv-: roc?nbination. --_--_- 

5. Anti?ncunococcus sorn from various otllzr aninnl 

s;~:'cios hnvo beon oxaminod frcn this ;>oint of *lierr. Talc results 

inrlicatc t::at tl;c rat an<. tl: .? {,uin3a ;>iE; may bo Crou;3or? wit? 

t'.:c rabbit, :7hilC t::O G0a.t and the nousc arc in t:le same class 

as t:=o borso. 

6. T!lc results 7rcsontod in this summary are a further 

de:lonstration of tLe aide ?.ifforcnccs in t:la :>ro;lerties of anti- 

;>ncumococcus sora iorivod fro3 rabbits and horses. Previous 

observations l-iavc denonstratcd radical ?.iffcronces in tLo 

mor$?ologicnl characteristics of t:ic precipitat,os nith the 

specific capsular polysacchari?es (Sckiemnnn and Cas;?ar), the 

ability to ~;ive t;-.e Quellunt; reaction with the pneumococcus 

capsule (NeufelC! and Tulcgnski), t';lo pro,3erty of fixing com?le- 

ment with the capsular >olysacchariLas (Zinssor ant: Parker), etc. 

It is believod that the prosont work may furnish the clue 

necessary to the ox?lanation of t:ieso differences. 

To summarize, it has been shown that high titercd 

anti?neumococcus borso serum in amounts above tl,e o;?timum fails 

to Trotect mice, nhoroas this is not truo nit3 anti>ncumococcus 

rabbit sOrum of equivalont antibody cGntont. The results 

inrlicato that this failure to ;L7rotect is due to an inhibition 

of the ;JhaGocvtic meclranisn b;r som.2 ?lei.lont of tl:o immune serum 
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1;: be liToil in nature. 

Th: rulationshi-2 +f urfsnic 9ci.d tr) th* b&.,&o@ic,l m------------m A--I----L--.--~----___ ---k-m 

s3ocif ici t2 of bcct:?rio.l -A-------- --J?lj-srlc_c!icsi('~-rJ -------------L--- (Gwbcl) . In previous 

ra?orts J.-I? Lc:vc dzscribldjc! t’.,t: results :)s’ stuc’.i;?s in *.-iliicll 

c or tnin s trl\cturzL1 and ci,nIi.-,urct ion21 C.iif,>rcnczs of th2 a 

carbohy(‘rat2 radicals of ;~:*tifi~i~.ll~ ~-)1.1:-,ouni.1?.1 anti-:zns :XIVC 

be .:n corr31iit*>dS :;i t:: cY;an-‘l:s in innun9lo~lcal s;>:$cii’ici ty. 

TIl .! 3 02 s tuc-.i ‘Js hnvc bc::n r‘ircctod ?p.rticulnrly to z;:;?laininc tl;c 

factors 7hici: d8storninc tl?o sTzcifici ty of car’~ohy2rntcs. It 

has bocn found t:tat known (‘.ii’farcncos in t!ll: chonical constitu- 

tion of tL< c:lrbo!:yr’.rnto rcdicals of synthstic anticens arc 

sharply rofl2c to2 in tll3 ssriloC:icnl s?ccificity of the anti- 

sera t9 w::ich they r:ivc rise in tilt animal boi.y. This nork has 

no:-’ boon cxtoni.od to t:ls naturally occurring bacterial ;>cly- 

s~.cchnri~~cs. T-h,? Trcscnt rc;?ort Coals ::ri t3. an eqlanation of 

tl;,e cross s2r9loF;icel ro::ctivi ty of t:iC cc?sulnr ;:>olyscccliarides 

of Typos III anC VIII Tnoumoc3ccus 3n tllc basis of certain 

similarities in ths constitutions of t:lc tvq polysaccharide 

noleculos. 

The s2ecffic ;?olysnccharide of Type VIII pneumococcus 

hag been isolatsd as a nitrogen-free carbohyC.rate, and skorrn to 

bc built up of units of ~luc.osc and clucuronic acid in the ratio 

of seven mol~culzs of hexosc to tno of uron$.c acid. 7hC?Il tllC! 

;~olysaccLnriZe is iiy~.rolyzod Yith dilute mineral acid, the 

hy:~rolyaate is found to contain L71ucose and an nldobionic 

acid---a tl;lucose {;lucuroniSe. 



It has previously been sLo71n tl:nt t;ie specific >?oly- 

sccc1lnridc of Pnounococcus Ty?c III is likewise built UT of 

molcculcs of glucose and glucur:nic acid in the ratio of 1:l. 

%cn tl;c ;>olysncc>nrido is hycrolized *;/it?: <ilute acid, thzrc 

is fount'. in th5 ?.y?rolgsnto an al<$bi0nic acid, VLiC11 112s 3ocn 

likowice s::ol::n t4> bo a {glucose :;lucur,:ni;'.o. 

It has been cxpzrincntally cononstratcd that if tho 

froc !ly?roxyl :;rou;>s of a bnctzrial ;~nlysacchnri?e are substi- 

tuted with a cLemica1 radical, tLa resulting derivative retains 

its cn;>acity to react in homologous antiserum. If, on the 

otL3r band, t:lo highly 2olar carboxyl ,:rou;-., is covered with an 

cstor ;;rouTinC, tho corres;londinc derivative loses entirely its 

sorslogical s;>ocificity. It is bolievod, theroforc, that the 

uranic aci? constituent, ant: particularly the sgatinl relation- 

~1113 of its dominantly ;>olnr carboxyl .--rwp to other Crou;ls in 

t:le carbchyttrate molecule, plays ;'. very im?ortnnt role in 

Zctcrmining the ty;3o-specificit7 of a bacterial ~olysaccbnridc. 

If it nerc possible, thorofore, to shon that the aldobionic 

aciCs of tie specific Tolysaccharides of Types III and VIII 

pneumococcus ;7ere identical, t:lon tile cryss serological 

reactivity of tlrzso tno substances !7~1uli; be established on a 

definite chemical basis. 

The aldobignic acids !‘.orived from tbo specific poly- 

sacchnri?cs of Types III and VIII pneunococcus are both 

amorphous substances. It tl-iercf,Jre becomas necessary to prepare 

a crystalline Lcrivative of these tno su:;ar acids in order to 

establish eit:lGr their identity or <issimilarity. Consequently, 



the methyl esters of jach were prepared, nhich, on subsequent 

ncntylation y:iq?lded the correspondin&: crystalline heptacctatcs. 

When obtained in a state of purity thsse two derivatives vere 

found to be ii:cntical in crystalline structure, melting point 

and specific optical rotation. It may be concluded, therefore, 

that the ntructurnl unit of tine specific polysncchnridc of . 

Pneumococcus Type III is identical vrith one of the structur.21 

units of the polysaccharidc of Type VIII. It is belicvod, 

therefore, that the cross scrologicnl reactivity of these 

naturally occurring bacterial polysaccharides may be explained 

on the basis of t’ne idontity in structure of the aldobionic 

acid nucleus common to bot:l cnrbohyLrates. 

It has been found that tha specific enzyme which 

hydrolyzes the capsular polysncchoridc of Type III Pneumococcus 

is elaborated not only when the organism from which the enzyme 

is ilerived is gronn in the presence of the polysacchnride, but 

is likewise elaborated nhen the Type III nldobionic acid itself 

is used as a substrate. Thus it vroulC appear that if the 

s true ture of the ald.obionic ’ ccid vere established it should be 

possible to produce synthetically. a specific substrate for the 

production of the enzyme. The problem ‘of synthesizing the 

aldobionic acid involves, however, not only a knowledge of its 

structure, but a knonledse of the chemistry of glucuronic acid 

cs well. 

Because the spproprinto source mntcricl---an 

acetohalogen derivative of glucuronic acid---has never been 

satisfnct.>rily prepared, the synthesis of glucuronidos has 

heretofore nr3vAr beer. ncl;i~!vc~~. In cnlln5oration with 



H. N c /’ 
OCHs 

6” :lJ 
_- ’ !\, OCOCH, 

* 
I 

I 

& - ’ 
I 

, OCOCE~ 

H-C */ 

- ..-. 1: 5 0 

but a derivative of ortho acetic acid having the fOllowi% strWtur*: 

H- C- 0, 
i 

\ 

,O&J 

0 

_“_%, ‘1 

y’cL.OCH, 

I I ‘0 

6 
H- C-O COOH3 

II 
A / 

.._ Lo 

Mr. Babers we have attempted to prepare a series of derivatives 

of glucuronic acid to be utilized for the syntheses of glucuron- 

ides and aldobionic acids as well. Thus it has been found that 

when glucuron, the lactone of glucuronic acid, is acetylated, 

there are obtained two isomeric triacetates from which a 

Crystalline chlorodiace tyl Glucuron can be prepared in excellent 

yields. It has been found that when this halogen derivative 

is condensed with methyl alcohol in the presence of silver 

carbonate the corresponding crystalline methyl glucuronide is 

obtained. From a study of the kinetics of hydrolysis of this 

derivative in the presence of extremely dilute acid, and from 

tiie fact that alkaline hydrolysis removes but one of the acetgl 

2roups, it must be concluded that this derivative does not 

represent a true glucuronide with the structure: 
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In vicn of the fact that the aceto halogen dcrivativo 

of glucuron failed to yiald a true methyl Zlucuronide, it was 

thought that glucuronic acid itself might furnish tho appropriate 

r13rivativc. Conso qucnt1y, glucuronic acid alas converted into 

t;;c methyl ester, ahich, in turn, yiGldod the tno isomcric 

fl and $ tctrp.cotatds upon acctylation. The latter dcrivativcs 

wcrc r2e.dily converted into tho corresponding acctochloro 

Lerivativo, from nhicL tho triacctyl msthyl cs tor methyl 

glucuroni<-o \YCLS prep:lred. Like the corres:?on:‘.ing derivative 

of glucuron, howov,?r, this mo tilyl glucuronic’.o 5’1as found to be 

an orthoacctata, and not a truo Clycosi(1c. 

From tho results of the above cxporimcnto, it would appear 

t!lat it is impossibls to syntLcsizo the tru3 glucuronic-es either 

from tho halogen e.erivntivc of Llucuron, or from that of the 

methyl ester of glucuronic acid. Furt3cr experimental nork, 

however, has revealed the fact that if the molecular Weight of 

the aglucon is increased, and if diacotyl chloroglucuron is 

condensed with the appropriate alcohol, such as, nitrobenzyl 

alcohol, a glucuronide is obtained having the structure of a 

true glycosidc. Fur thermore, it has just recently been ‘found 

that if the P tetracutyl methyl aster of C;lucuronic aoid ,is : 

z-farmed with titanium tetrachloride in chloroform solution, a 

second crys tallina trincetyl chloro glucuronic acid methyl I. ’ 

ester is secured which is fsomoric r?ith the chloro derivative 

prepared as praviously ?escribcd. On the basis of certain 

knonledge pertaining to the structure of this second halogen 

c’.crivativo, it may be anticipated that the latter compound nil1 

likeniso yield the true glycooidos of glucuronic acid. Thus, 



the synthesis of the alSobionic acid of Pncumococcus Type III 

s;nocific ?olysacchnridG awaits tZ2 d.otcrminstion of the structure 

of this biosc. 

The synthosis of th.2 :;cidobionic acid common to t:lc 

spzcific ?olysacchnridos of Types III and VIII Pnoumococcus has 

not only 3 practical basis--- that of supplying 3 synthetic 

substrntc for cnzlrnc production, but a thoorctical int.srcst as 

17 C 1 1 . By synthesizing the fundnmental building stons of the 

polysacch2rids of Pnoumococcus Typo III, it is our hope 

cvcntu,olly to prcparo an antigen, truly artificial, and bearing 

t9 ths Typg? III Pnaumococcus no relationshiP 17hatsoovcr save 

one of chcmiccl strut turc , :7!lich :;ill give rise in the host to 

sgocific immunity against infection j;!i th Type III pncunococci. 
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